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(54) THREE-PHASE HYBRID STEPPING MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem of a vernier method, which 
has not had an significant study and effect yet, making the pitches of denticles 
for a stator and denticles for a rotor unequal, and which has been developed to 
reduce distortion in cogging torque and current torque of a three-phase hybrid 
stepping motor, and to clarify the theory of the vernier method, thereby 
providing a new vernier method capable of attaining higher degree of freedom 
and effectiveness. 

SOLUTION: In this stepping motor, cogging torque of a three-phase hybrid 
stepping motor is considered to be generated due to regularity of variations in 
permeance between denticles provided on a magnetic pole of a stator and a 
magnetic pole of a rotor changing with the rotation of the rotor. Six denticles 
provided on the end of the stator are divided into two groups of three denticles 
and the sum of the permeance vectors of the three respective denticles on a 
third higher harmonic plane is set so as to be zero, substantially. The sum of the 
permeance vectors of the two denticles corresponding between two groups on a 
fifth higher harmonic plane is set so as to be zero substantially. 
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40% 


t4 


+4.5 


•0.125 : 40% 


•0.1875 : 38% 


•0.375 ! 4?% 


■0.375 


40% 


0.06 


40% 


\ ts 


+13.6 


0.375 j 40% 


-0.376 | 42% 


-0.375 | 38% 


+0.376 


40% 


-0.45 


40% 


ts 


+22.6 


•0.625 : 40% 


-0.5625 i 38% 


-0.376 : 35% 


-0.375 


40% 


-0.66 


40% 


/\ 




(0.75) 








O 


3* (0.5) 




(0.7C) 


o 


O 




O 












O 


O 






















o 


O 


O 


o 


O 



[0072] ^izts^x&mnxb s e*mt* 
•/^«ia6. K»u±H7At=ffiS'r«. tm2nmm 

[0073] ^mm^com^^t — o^t^nt. 
yx^bhtjmxhh, z<?>m&c?>— mi. mi 

■T. ZZXH. V, . V 3 , V 5 tV 2 s V 4 . V 6 <7) 

uo**. ^20lS»4{i. Cioi:§£7)/h#iE 
B£*rf. Cl^T-{±. 3fflc^7 WI^PU^611T-*3 

Vj X«v 6 (OftitsSr^:# < ASko-ov, . v 5 * 

y^^tli^t i> WC* & . 0 7 B <^H«i<7)/httf§ 

j££ia8^-r. 

[0074] mzmm.h>\s7<?)$S3<xmmmLftS:m; 

IfifJT^S^II^A^yx^tS^feS. If* 
3^»^#£*nfc:-$-*fc:«*2 3jWfcfc**i«rj: 

[0075] 
[£5C23] 

P„=$ d a,cos36 i =0 (2 3) 

[00 7 6] ZZX. 0 k ) X 

[0077] ^b' y^s'-^r^«^-BP*>. 
Spev+tffltefcU:, m3<XSIife«jS3^k 3W360BE 



^h/H2S€rll9A^-ro dat±06Ai:^<|pIt0 

?mim{}LWizm<o^7hJUtfhz><7)x\ ztit>i)<mz 
%->xn-hmL&ommz%&. zommutttf 
hjutmm-rh<vx\ ®m?s!£w$zb~>xh 

[0 078] £<0W^£^T'^i^2 4 
6. r^T'i \mmm^ ( 1—6) T'S>i». 
[0079] 
[*24l 

3.~(i-\)^- + k—— * = 1.2,3 (2 4) 

[0080] l^{i«m«360Jg (ffi*Tifc40c7)i§-&£ 

imwmx9&.) £3mzittfeLX3ftmLtz&&®m 
<?mw{mxhh. £*i£*i£t::LTSiS2Jf 

T'£>&filii0. 5JK*J§ (c4ffi?*Uf J: £<Oi§£<30. 5 
x'40X3=60jgi:2r l 9. *t(6]-fl»{aa{i:60 X 3=180JgT 

[0081] ^tTy f-^N*-— T<7)^<0. ^ft-yf 

9C^-T. 119 Bit. HftWfltoV, tV 3 fcilA'V 

tv 2 . V 3 i:V 4 2ryN'7y^.§li:-Ct)J;^. ^ix^co 
^t=tt»3JJC»««oa»fc:fcV^a2 5tffc(LL. 

- 5 r >x<7)f& 3<xmmm^(r»mir^u^j:^ . 

[0082] 
[»25] 

(2 5) 

[0083] ZtUZ. *<Tttch 2 >b-mi . jHC^V^ 
T»:^ 2 6 #J££ L £ <t ^K^-r l> . £ OsTCmti 
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too88] zcDttiz£&&3<Kmmmh/\s?m£m 

t:£b#>&b&<7)J:oiz%&. 

[0089] ( i ) s<Tt%$>&'hm<Dm3<!Kmmmz 
&if&mm?i s e^m^m^nxmrnz-n,. 

[0090] ( 2 ) ±fg#^T b &&/M&<7)i|b(±5VHc 

[0091] KtzLmmmmt lx. «'htto«K*ft& 
*\ 

[0092] *2(C«iE't4»S3<JC««tt a PafK:*iJt* 

[0093] 
[f!3] 



3*3 OUR : ««S ffi) 









K»1 ' 












mm 


6 0 i fttS 


6 $ 


mm 


6d ; m§ 


6 e 


mm 




-22.5 


+1.25 


40% 


+1.126 1 38% 


+0.75 


36% 


+0.76 :40% 


+i.i 


40% 




-13.5 


+0.75 


40% 


+0.76 j 42% 


+0.76 


38% 


-0.75 j 40% 


+0.9 


40% 




-4.6 


+0.25 


40% 


+0.375 : 38% 


+0.75 


42% 


+0.76 : 40% 


+0.1 


40% 




+4.6 


•0.26 


40% 


•0.376 ! 38% 


-0.75 


42% 


•0.75 : 40% 


•o 


40% 




+13.5 


-0.75 


40% 


0.76 j 42% 


-0.75 


38% 


+0.75 :40% 


-0.9 


40% 




+22.5 


-1.25 


40% 


-1.125 ! 38% 


•0.75 


36% 


0.75 | 40% 


1.1 


40% 






(1.5) 








o 


3IK1.0) 




(1.6) 


o 


O 




o 












O 


o 






















o 


o 


O 


o 


O 



o£H-tffigrc£>&. 

[0084] 
[&26] 

0,-ej=j-(-2jim+x) (2 0) 

[0085]ffr26-C-2mjr ti; T'ti&t b 

zammimfrbnmmftd ezm^xmzm.-tb&2 

Hztch. 
[0086] 
[»27] 

< 27 > 

[0 0 87] -T^^iSti, P=40fiOi:§1.5«i:^r 



[00 94] ^3{cfcV^T. S^ftfc^<90*{i/h«t 
^-ti!27A. {iH7B(cffl^-ri». K*2' (i 

[0095] /h#iS:6<l^ 3floffiA-^^-ti--oic^(t 
r. 3fflco*Tv^yx£tofdPJ£i29C£iK-?\ .r 
v, . v 3 . v 5 i:v 2 . v 4 , v 6 timt% 

-f . i -lX'l£3mcry<.7 hA^VLV>Wir«MNci20 
<iv 6 <?5#liSr^:# < H<0lov 3 . v 5 4^:(iv 

4 . v 6 nmmz&KLx. 3*^7 b^x-j^yx* 
bhzbi>*imxbh. 

[0096] ^-ftHzLX i> . m3&Mm&X'<7 yx 

zbzm&it. me<$cmm.<r>2m<m^^^x^ 

[00 9 7]^tll ^^V^Y)V9\.zm%-th% 

6 ttMW&fo h v vmst ^.Mzmwthw. 3 <xm 
mm * zti? timi&xmmt h nmzr> \ ^x %m l x # 
rcff. mmizi&mi-z ztt> wc* & . ^ 1 a o , ^ 



6. 

[0098] *<IT\ Sg3&i:fg6«:£>.g>V^i;S?S3}$;fc 

m5»:^i5]^i*tov^T^itrs. 3£3&i«B 

jSTMTVN'7^t^2^^ WU0ffl3f@£m6&«lig 
m s PmX's<7>x£i£&Z\b$:3§iZ.2>. SI3<fcsfBi£ s F 
BTC180JK (mfeSftT'1.5S) «flfc2^h/Wi. SfS6 
^«Pfe ;s F®-C(i|5lfflT-frr^2<^h^^0, SB 
6iX&P^ i FHT-120S («t^-C0.5Jg) ffitltz3'<.7 

h/i-a. m3<xmmmvmx'i,teosmitz3^ \>mz 

[0099] Z<7>m®£±MlZt5^Xm2 , *35rSfe^ 
hb. «3^f-yf-2' «Vj fcV 4 . V 2 i:V 5 % 
V 3 tV 6 A«^3»:^ia»TfflT*180JSS£h.Tl^i:ft 
tc, as&SHWftWTttv, , v 2 . v 3 tv 4 H v 

6 , v 6 w%ti?tii2om^MtLX'*7>x-?&m9h 

[0100] I9A©^ WMI8f££Sfl6tf:WPi&¥® 
T'^-r ^ m 1 0 CO J: o tz% *) . ^ 6 »»jft WCtiZ. 

[0101] 01 l«^<7)i:#^/jN©c7)Ea^^ 
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[0102] u*-oc7)jt.;fr<i. m3<Ktasm.wmTrt 

Ti2o^ mmnxi.om) mh.^2^7 hMtm6<xm 
iffl^¥fflT'(i24ojgMii, m3xmaa&ffiT-i2Q8em. 

tlt:2<7 WWi»68Mtt¥ffi?-240*=120fl» 

^4 (¥4fe:Wftft Si 



ix&<ox\ 3 wmmfe^mx'^y yx ttc 3 ^7 
<,z%h<r>x'hh. tot, rn.3coum.mA' wzcv&tt- 

[0 103] 
[*4] 



mm 
















6 0 


tm 


6 e i MB 




5 0 ! ®<a 


5 9 


£43 




-22.6 


+1.25 




+1.1 i 40% 


+1.0 i 40% 


+1.46 : 40% 


+ 1.35 


40% 




•13.5 


+0.76 


40% 


+0.9 1 40% 


+1.0 ; 40% 


+0.66 j 40% 


+0.75 


40% 




•4.6 


+0.26 


40% 


+0.1 ; 40% 


0.0 : 40% 


+0.45 : 40% 


+0.25 


40% 




■1-4.5 


-0.25 


40% 


0.1 j 40% 


0.0 ; 40% 


-0.45 j 40% 


•0.25 


40% 




+13.5 


-0.75 


40% 


•0.9 : 40% 


•1.0 : 40% 


-0.55 : 40% 


•0.76 


40% 




+22.5 


1.25 


40% 


-1.1 -40% 


-1.0 i 40% 


-1.46 i 40% 


•1.35 


40% 




2& 






3*6 


2fei 










2@ 


3fe$ 






3tf 


345 


3J£ 










mi 2 


BJl 4 


01 5 



[0 1 04] Z<D%r&<7ytmMb LX. m4(r>WM5ii 

m3<x&j:vm6<xmmwi : ¥-ffix'3^7 bfrtfmz&m 

yyxzmttz. i-rm3ixmmm^mx'^yxL 
ti3<7 b>\s&m5<xmm : ifc¥mx''< : 7>xzit&zt 
msikmMm^wx'wgmtiti^? h>u 

(i. ft 3<J:SP^¥HT'{il80 x 3/5=108St==Sri. £ fc 

[ 0 1 0 6 ] m 1 4 {i£«o%^h«f jasrw-rsrca 
s. 

[0 1 07] l85iKSW»WC3<:? Y)V^)^yx 

WSrHl 5{c5jcf (fit* 7) . *5jJCKW«TOC 
V, . V 2 . V 3 tV, , V 5 s V 6 <n&3^7Y)V1fi 

zti?ticoipTrt7yxLx^&cot,zftL. m3'Amm 

JSTBTIiV! fcV 4 . V 2 i:V 5 . V 3 i:V 6 tf^ti 
ZlxX.yVXthZh^ztch* Ztihcomte&btbX 

m4izKLtz. &3<%, m5<z, m6<x<7)3fm.e>mm 
te^m xt <5 yxts^t, so? 6 t mxr v > & 

*\ <3:&<7rC\ 
[0108] /MMto&^<0*&fc:«. /h#^TVN'7^ 

yxtt Hi 6oid&7ji^/M&<7)*§ 

ZZX'ii. V 2 . V 4 , V 6 *>3*C?WH*rC/'?9:'A 
Stf, V, tV 5 . V 3 i:V 7 i02^^ 
fi-Wv^xxS-fcoTV^. Hi 7<7)ll8fl&L 



m&Tm&comm^onmsnnmizttthm 

[0 109] 
[ft5] 

Ma 



mm 




»6JJ: 








6 0 


i 


6 0 


i tiftS 




•27.0 


+0.63 


: 40% 


+1.26 


: 40% 


ts 


•18.0 


+0.5 


: 40% 


+1.0 


! 40% 


t a 


-9.0 


+0.12 


: 40% 


+0.24 


; 40% 


1 4 


0 


0.0 


! 40% 


0.0 


i 40% 


t s 


+9.0 


•0.12 


: 40% 


-0J»4 


i 40% 


te 


+18.0 


•0.5 


i 40% 


-1.0 


! 40% 


t 7 


+27.0 


-0.63 


: 40% 


-1.26 


: 40% 




0.75 


1^ 




0.75 


1.5 


# # 


O 


O 



[0110] 2^7 h/mw^y^il ZtlZ'iXCD 

ftWfa^mxmmz%htzfr<nmm&tt-?» x. 3 
^7b/i-mcr>;^yxMz, mmz%hti#><7ffimi 
xh&> tea. 3<7 b^mco^yyxa. mmtfm* 

B.t\m^tzMz^h. 

[0111] mmmife-th-hK Z<7)i§r£i>m&<mcr> 
[0 112] 

mvm&zmmmiz&wL. smm<o*nzmt&mm 
tx3 mmmz&fc l . i^&m&a&Mtzimmeyj? 

ffl^/h«S:*l?-y+TSt«!2««)EHrFa**. lute 
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3WU7V FBXr- yV fcfcwc. MI2 

o/jN*tfoao^ < 1 1 3 irctibft l . znztiomw 

*<JDiHig<D/H&?)b •y*£5v*fc»fir4> UsbtzZk 2r=f# 
[0 1 1 3] *&Wcr>3W^7'0 y FBAtv 

^laiBtc&a l , gatso* « tc^ta*.^ 3 « ^ 

K£#J«U *^»SSW^jt*IC1KR«^ J fir< k 1 6 

l?b -y f-TiWtfc 2 ffl£>[inE?BtK & , B>ii2>M&?)IER 
b -y f-O 1 / 2 b y f-f £>-tfC . <Kdj ft fcNS 2 SfC&Ht: 

y-y HJgX^ yh-y^-^tcfcv^T. MIEH^JKfii 
*05feflH*=»*t3te^«r < 4: *> 6 3ffl*VjN»tf>« 
<^-&- < 1 1 2 WTfllJR L- , -eix-e'^ffiO 3 ffiO/jNft 

<0by f-SrSVHcS^^ L#>fc<I t ZttWit-tZ,. 
[0114] Jit. *5M*0 3ffi^W 7'J -y KJEJXx>y 

^dtSiL, S»*^«fc**«:*8SLT3ffl» 

*£#j*u *»osnaaK)ftiBtcaaR«^iJ»'*< 1 1 6 

y f-T-RWi 2 ftOESfrfllfiSfc , fflfe/MiOlBR 
b -y f-O 1 / 2 b -y f-f T , W^Tfi CNS 2 

0i|E-?S:±ieia^4:^?r^LT«rfil Lfc3ffl/W7 
■J -y HfXf -y b ^^-^ fctSWC . mi£Tfln 
^MfeSCStiTt^'flr < k t> 6 ffl<7)/h*2r . 2 
fi<0^* < t i> 3 PT-fl§j£ L . *tl?tl(7M<7) 2 JIctvJn 

v^mmm.m^mktch x oiz^omm 

a. 

[0115]**:, *^<7) 3ffl/vf y U >y HJgXf- -y 
b'y^-^(±. *PH*R3-^<0P«j«K:6ffl<08fliSr 
«B!BK:iMU K»*^«£^£*8LT3ffl* 
HfcJBsfcU j^Sffl«<Oj^£«Rffl<0^< 4: t 6 

m t- y f-nsttfc 2 m&m&^mm* . flWE>Mi*>Ei& 

b yf-cO 1/2 b y ^T^T. MrtTflfcHS 2&&BMb 
Lfc*AaPE<^8Ht=ffl«Lfc[iMlE^ i: J: OJfcy . ±12 
S«g^Sr±l2E]^^i:2a®Sr^LT*t[fi]L^3ffl^^ 7 
•J y K^-r-yb-y^-^tctiV^-C. ffiES£?»fi 



O&iaHcRf < k 1 6 . 3 <10/Jn*ct) 

< k t 2 S¥T'^« L » -ett-f il^fflco 3 ffl^/jN 

5 r 3 ij^pftTffltciJft-S/N- s r 

[0116] itz. 4sftm«>3ffi^vf r»J y K^Xr- y 
«iaOffik:SiE L . KSB«5^c* t^^^S LT 3ffl£ 

-y f-csf-w: 2 mnrnmrmmz . fri2/h*«offiis 

b>yf-<7)l/2b-y^-r^>-y:T, «CS-|S]fcNS2ll(C8-fL 

tfc*AfiBR5<0S»iif CBW L^EHg-^i: J; 0 ^ 0 . ±12 
HIK^ ^±1211^^ ^PtSr^ LTMlfi] L?t 3ffl/N-f 7" 
y >y h'^X^ yby^-^fcfcv^T. mSBM&Him 
0**BfcSH«iiJ«flr< k 1 6fflO/h*$- 3<i^)/jNftc0ffl 
^-^r <fct2 PTfll^ t , %ix?ix<r>®.<r> 3 ffl^/jNft 

xK?h )\s<mifimm.mzn k & h z. o iz~r h k , 

[0117] ttz. *fKB<03ffl^W ^y y ffi^f-/ 

^rapitsea l . ^m®^^ ^^^^s lt 3ffl^ 

^KatKOjt«tc«BRfflO^=S:< i: t> 6 

^b -y ^-CRttfe 2 fl^HHicTfiKS^ , «ri2^*^)EIS 
b yf-coi/2b yf-T4>-e:T. «d6ri*i(=NS2ttt=8SMI: 
Lfe*AK50«ffi t=S» L^HIK^k J: 0 ^ 0 . ±12 

y y K^X^ yb^^-^tCioV^T. MI2ll^lS«i 

<7)^- ; 5r<4:t2l¥TiS^t. -eix-eii<7)ffl<7)3licO/jN* 
5 T >XWS 6 i5(SISfffi(:fclt S A'-S7y 

«-ffltO/jN«WN'- S T>-X«om3 &Mm&¥-Mlz}Hf& 

fflrtO/hftcoby^-SrSV^S^:^ U>^/t«I ktrtmk 

[0118] tti. *ftty(?)3W^y r iJ y mxf y 

fiO/jNft$riS(t^H^i: , *<r>*Vmzim.m<7)>b1&* 

b yf-C7)l/2b-y^-r^T. (fttrifa(=NS2ffife:SSMfc 
L£*A£85<7>S« tell* Lfc HHPF fc J: 0 « 0 . ±12 
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mmnmzm ttc&xoiz-t&tMz. 2 mmx-nm 
■th 2m(Q>hMw*-iT>x(om5<!zmwi& :s i L mz& 
vz;*-=iT>x<7 h)u<7)mmmmzmt%& x 5 

[0 119] 4fc. *^c7)3ffl/WyU y H^T7 

tt£#j*u fr^m^<ttmzmm<?y}?% < the 

^ t y f-TRWi 2 flB£0IsniK7affi» . MB/HtOER 
C y 1 / 2 f y ^-T £>i±T , HfcfrflUCNS 2 ff (=BMfc 
Ufc*A«5*>*iii{cH* LfcEBtPfc J: OfiJcO . ±IB 

fc & S J: d iz-T & b Mz , 2 f¥faT'*ff5 
-T 2 fflO/hftW \- 5 T y XOlg 3 ^iSiS^ffitcis 

its/-?- s rvx^i h/wmmmmizmt %&z:o 
iz&mft<7>;hmw>yi-tt\,iizm%t> Ltfrtiztzn 

[0120] 4fc. *11W3fflA^7ij -y mXT-v 

t°>7*-fiz. mnmtt^-rnftmizemnmmz 
ksjbjsu **^saaffi<wtssifc:«akffl<oi^=sr< 1 1 7 

«P tr -y ?-T-R W: 2 fflconilK^ , WK/htf^KR 

tr-y^l/2b--yf-T^T, IW5n*Jfc:NS2«C«fl; 
Lfc*AafE^>«iiIt=H«UfcEH?f-i: J: yj£9 . ±!B 

0 ••/ K^f-yty/t-^tcfc^t. mrfB@l5&?®6B 
OJtUSGR»tfe^' ! Sr< b i, 7<1£7)/Jn*S- 3jl<7)/jN*c7)ffi 
2 ffltf>/h»tf)^$r < t *> 2 ffl^-^r < i: 3 f¥T'fl§J& 

U -eti-rixc7)ao/jNttWN--5r^x£7)^6<}s:©ii?s 

[0121]*fc. *^03ffi/N-f y y y H»Xx>y 

waMfcist t . mm<tt« izimz%mLx 3 «^ 
^t* -y f-T-Rttfc 2 mnmfc^mmz . imb/MI^er 

b y f-^ i / 2 tr y f-r 4>*T . Ifcfrfa (cns 2 fcaft 
Lfc* A«5<7)S»iiit=S» L fc mrFb <k 0 A 9 , ±1 B 
®!R^£JJEIl^^££^LT#fiL*:3ffl'W 7 



y y -f -y b^*-* IciJ we , nSeSS£?{g& 
0>ftWcRf7*:4"fr< b t> 7ffl<7VMi£ 3fflO/ht&<y)ffl 
i: 2fflO/h*0^=5r< i: t 2fflO^< fc t> 3PT1tfi£ 

1 , -eix-f ticom<7)/m<?>^- s 7>^^ 3 <^i«p^ 
%h k 0 tzwm ttzz b zmib -th . 

[0 122] 

imxommvmm yrmmizz^xxmicrmmm 
[0123] ^zmnm 1 (Dmmmiz&^xn. 3w^ 
cortjatc 6 fiwafii 2 zwmmizwiw v . mm&(r>^ 

«H«R«<06«O/h#4 $rRft7tH^5 i: . -e<7)H 
^^^11^*6 Sr^f-y ft!5(tit 2fflcoiUK-?JK 
fli7£, BfrlB^*6^ieRb-y^l/2tf-y^-r^ 
*itrtri6]tNS2«i{cJl'fLt^*AlS580«ffl{cSI« 
L^0«&? 9^0:0^1, ±IB0fe-?9*HIIsa?£ 
tctt^ L±IBH^ 5 b gmZit LX*t to L , ralES^ 
^f-fiS® 2 <^> ftSStUWt Jt 6 ®c7)/Jn*4 $■ 2 fflO/h*<^H 
3iretiJ£U -efL-ril(7)ffls02{l<0/jN*<yD>'\-STy 

mmmmzmbtch «k ^ coffl^^yj^cob- -y + 
ttwzmfchUhh. 

[0124] *3m<m.?>mmizt$\^x\±. ±ib6« 
<D4^m*3m<r>>hikcDm2wx'm$LL, zti^ticDmco 

3fflO/jN#WN-5 T >X<r>$g6i>mmWi¥MlZi3t?Z> 

[0125] *m&mt£iti0)&ffimiz&^xi±. ±ib 
6ii^yjN*$r s 2{ioffl3PTi«^t. -e^m^af^ 

2 a^vMt^ n- s r yxcom 3 ixmmtiiw-wiz&i,! & 

^ Offlra^/J^tO b -y f - * 5V Hzm% h Lib h . 
[0126] *«B^3gt:ffiionafcBf«K:i3V^-ctt, ±IB 
6 fflO/jN* * 3 ffloffl 2 STflljR L . -eiX-f^ScO 3 

[0127] ^wnmzntxvmmmtz&^xij.. ±ib 
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